The pH changes of small amounts of distilled water in contact with the surface of samples of dental luting cement were determined by using a flat combinetion electrode.
INTRODUCTION
The acidity of dental cements is well-known as a cause of pulpal irritation, and many studies have investigated the problem of acidity in order to obtain reliable data as to the true pH value of the cements.
Harvey et al1) have directly measured the pH on the surface of dental cements by using an organic indicator.
Norman et al2) have used an antimony electrode to measure both the surface pH and the pH of the internal mass of the cements during setting.
Jyoshin3) has used a glass electrode for direct pH measurements on the cements. Kent et al4) have measured by means of a flat-headed glass electrode in direct contact with the cement paste. Both Crowell5) and Brune6) have measured the pH of water (5ml) in contact with pellets of cement by using a glass electrode.
One side of a luting cement in the mouth is in contact with the tooth structure, in which there is no significant circulation of fluids. The cement tends to saturate the fluid in the approximating dentin with acid, and this acid can probably be removed only by diffusion, with little or no assistance from any internal circulation5).
To study the effect of cement acidity on pulp irritation, one must employ an indirect pH measurement method whereby little fluid and little circulation exists on the surface of the cement samples.
We used a flat combination electrode which seemed to be a suitable pH electrode for this purpose, and describe here the construction of a pH measurement apparatus and also discuss the pH change of small amounts of distilled water in contact with the cement surface during setting.
MATERIALS AND METHODS
Tests were conducted on samples of three cements -zinc phosphate cement (ELITE   pH DETERMINATIONS   OF LUTING  CEMENTS I  209 CEMENT 100), polycarboxylate cement (LIV CENERA), and glass ionomer cement (FUJI IONOMER type I). The codes, brand names, batch numbers, powder/liquid ratios and mixing times of the three commercial luting cements are given in Table 1 . The chemical composition of these cement powders and liquids have been described previously7).
To conduct the pH measurement of a small amount of water in contact with the cement surface, a flat combination electrode (#6210-06T, HORIBA, Kyoto, Japan) was used . The apparatus assembly is presented in Figure 1 . The pH-sensitive surface of the elec- Table 1 Materials* used in this study *: G-C Dental Industrial Corp ., Tokyo, Japan The recording paper containing the pH change curve was then placed on the measuring table of a digitizer (MYPAD-A3 K-510, KANTO DENSHI Co., Tokyo, Japan) connected to a computer (APPLE IIe, Apple Computer Inc., Cupertino, C.A., USA). As the sensor was moved along the curve, the computer measured the pH value. It calculated the mean curve from the pH value at arbitrary elapsed time, and this curve was displayed on an X-Y plotter (7470A, HEWLETT PACKARD, San Diego, C.A., USA) by fitting the cubic spline interpolation formula.
For comparison, pH values were also measured by a conventional combination electrode (#6028, HORIBA) on 25ml of the water after immersion of these cements during setting. These data are presented in Table 2 . 
RESULTS
The pH changes during 24 hours with three amounts of water in contact with zinc phosphate cement (EL) are shown in Figure 2 -A. The initial pH value and the slope of the pH curve decreased with decreasing amount of water. However, within an hour from the start of measurement, the pH change was independent of the amount of water. Considering the clinical situation of cement against real tooth structure, it is desirable to use the smallest amount of water possible in such a test. However, reproducibility of the pH change curves obtained in less than 0.1ml of water was inadequate, because the volume of water was too small to be in stable contact with the electrode. The pH changes of zinc phosphate cement (EL) over a 24 hour period for four time intervals between mixing and water contact are shown in Figure 2 -B. The initial pH value and the slope of the pH curve decreased with decreasing time intervals between mixing and contact with water. Thus, the pH change of water in contact with the cement surface was affected by both the amount of water and the time interval between mixing and contact with water. The other cements also behaved similarly. As a standard test condition, the amount of water was 0.2ml and the time interval was 3 minutes.
The pH changes of three luting cements obtained in the standard test condition are shown in Figure 3 -A. The pattern of the pH change for polycarboxylate cement (LC) differed somewhat from those of zinc phosphate (EL) and glass ionomer cement (FI). For the polycarboxylate cement, the pH was initially higher and the slope of the curve was steeper than those for the other cements. For glass ionomer cement, the pH value was initially slightly higher than that for the zinc phosphate cement and lower than that after 24 hours. Glass ionomer cements do not cause pulp irritation clinically8), but the pH value we obtained showed an acidity nearly the same as the zinc phosphate cement. Although both the glass ionomer and polycarboxylate cements mainly contain polycarboxylic acid in the cement liquid7), the pH changes of each cement type showed a different pattern. The pH changes obtained by the conventional method are shown in Figure 3 -B. The initial pH value in each pH change curve was higher, but the slope of the pH change curve was equal or less than that obtained by using the flat combination electrode. The lowest pH values of the polycarboxylate cement and glass ionomer cement were approximately 1.0 higher, and that of the zinc phosphate cement was approximately 0.3 higher than those obtained by the flat electrode ( Fig. 3-A) . Representative data are shown in Table 2 , and are compared with previous data2, 3, 5, 6, 9) . The flat electrode indicated a higher acidity than the conventional indirect method.
DISCUSSION

Initial Acidity
In the mouth, the acid of the cement may be neutralized by the mineral salts in the dentin, and as setting proceeds, the cement itself may take up some of the acid which is liberated in the earlier setting stages. This study has investigated only the relationship between water and the cement surface.
The pH values obtained by using the flat combination electrode were lower than those obtained by the conventional indirect method. The differences between the flat electrode method and the conventional electrode method are 1) the amount of water, and 2) the distance between the cement surface and pH-sensitive surface of the electrode. The differences in pH values obtained by the two methods can be explained by the degree of ionization of the acids and the diffusion coefficients of the acids in solution.
The initial acidity of water placed in contact with the cement surface during setting is caused by the release of acid from the unreacted cement liquid. The amount of unreacted cement liquid depends on the rate of the setting reaction10), and the pH value depends on the dissociation fraction of the acid released into the water. The cement liquid of the zinc phosphate cement contains approximately 56% phosphoric acid7). Ortho- 
where r is the radius of the diffusing particles, considered as spheres12), k is the constant, and T is the absolute temperature of the system. The molecular weight of polyacrylic acid is 5000-3000013), while that of orthophosphoric acid is only 98. Considering this larger molecular weight and size in equation (3), the diffusion coefficient for polyacrylic acid is smaller than that of orthophosphoric acid. Furthermore, the conventional pH electrode-sample distance is larger than the flat-electrode-sample distance (i.e. the thickness of filter paper -approximately 0.25mm). Thus, the initial measured pH value of water in contact with the cement surface may be affected by the rate of release and the diffusion of acid from the unreacted cement liquid.
Neutralization of Surface Water
The neutralization rate of surface water may depend upon three factors: (A) the rates of dissolution of cement powder, (B) the rate of decomposition of the matrix, and (C) the continued release of acid from unreacted cement liquid. In our neutralization tests, dilute solutions (pH 4) of polycarboxylate cement liquid (LC) required dissolution of more cement powder (0.5mg/ml) than did the zinc phosphate cement liquid (0.1mg/ml) to obtain neutralization to around pH 6. However, we found that the neutralization rate of the water in contact with the polycarboxylate cement surface was faster than that of the water in contact with the zinc phosphate cement surface ( Fig. 3-A) .
This suggests that the neutralization rate of the water in contact with the polycarboxylate cement surface is mainly affected by the relatively slower release of acid from the unreacted liquid in the cement surface and not from dissolution of cement powder or matrix. Adaniya et al9) reported that the pH value of polycarboxylate cement obtained by direct pH measurement was rapidly raised (i.e. the cement was neutralized) to around pH 6 within 1 hour from the start of mixing, while that of zinc phosphate cement was slowly neutralized and still showed a pH<3 over the same period of time, due to the continuous release of acid into water from the cement surface after initial setting.
Although polycarboxylate and glass ionomer cement liquids contain polycarboxylic acids, the neutralization rate of the water in contact with the glass ionomer cement surface was nearly as slow as that in contact with the zinc phosphate cement. Infrared analysis (multiple internal reflection method) of the surface of glass ionomer cement during setting showed that the absorption band of COOH groups at around 1700cm-1 still remained after 24 hours from cement mixing. This suggests that carboxylic acid remains on the surface of the glass ionomer cement after initial setting. Thus, the slow neutralization rate of the water in contact with the glass ionomer cement is also due to the continuous release of acid into water from the cement surface.
CONCLUSIONS
The pH changes of small amounts of distilled water in contact with cement surfaces were determined by using a flat combination electrode, and the patterns of pH change for three luting cements were determined during setting. Initial pH value and the slope of the pH curves decreased with decreasing amount of water and the time interval between cement mixing and contact with water. The initial pH value of the water in contact with the cement surface seems to be affected by the release and the diffusion of acid from the unreacted cement liquid. While the rate of neutralization of the acid may depend on the rate of dissolution of the unreacted cement powder, the rate of decomposition of the matrix and/or the rate of release of acid, the water in contact with polycarboxylate cement is rapidly neutralized because very small amounts of acid are released from the cement after initial setting. Zinc phosphate and glass ionomer cements show slow neutralization due to the relatively larger amount of acid release from the unreacted cement liquid.
